Introduction
Serological testing aids in the diagnosis of Lyme borreliosis (LB). IgM antibodies develop during the first 3 weeks after infection followed by IgG antibodies after 4-6 weeks [1] . However, to our knowledge, the early immune response (IR) in European patients has not yet been studied in detail.
In routine clinical practice, we observed patients whose IR switched from positive to negative and vice versa in the course of time. The aim of this study was to analyse the development and the course of the IR in European erythema migrans (EMs) patients with known duration of disease from tick bite and to follow up their antibody profile during a 12month period after treatment.
Patients, Materials, and Methods
One hundred and two patients with EM were enrolled for clinical and serological diagnosis. Their mean age was 50 (SD16) years. Forty-seven patients were male and 55 female. The mean duration of EM was 23 (1-210) days. Eightyseven patients had EM without and 15 patients EM with extracutaneous symptoms. As sixty-one (28 males and 33 females aged between 22 and 78 years) remembered their tick bite, the onset of their infection was known and only these patients were included in the study. These patients received antibiotic treatment with phenoxymethylpenicillin 1500 000 IE threetimes a day, 26 patients for 14 days and 35 patients for 20 days. No statistical difference in the clinical outcome of the differently treated groups was observed during the 12-month observation period as described in a previous study [2] .
Blood samples were obtained from all 61 patients for serological testing at the initial visit before therapy and then thereafter at 3 weeks after first blood withdrawal. Sera were available from 46 patients 3 months after therapy, from 52 after 6 months, and from 53 after 12 months (Table 1 ).
Patients' sera that had been stored at −20 • C were retested at the same time and antibody response was measured by a whole-cell lysate immunoblot (IB) according to the manufacturer's instruction (Borrelia garinii, MRL Diagnostics, Cypress, CA). Interpretation of the IB bands was performed by a single technician. Criteria for a positive IB, as indicated in the manufacturer's manual, were 1 of 2 bands (23 and 39 kD) for IgM and 4 of 7 bands (21, 23, 37, 39, 41, 45, and 93 kD) for IgG. Data obtained were entered in a computerized database and graphically displayed.
Results and Discussion

Development of Immune
Response. Twenty-five of 61 (41%) sera showed IgM antibodies in IB before therapy. The IR started in week 1 after tick bite and peaked in week 5, when 5 of the 7 tested sera (71%) reacted positively ( Figure 1 ). In the following weeks there was a wavelike decrease of seropositive reactions. Furthermore, from week 8 there was a second increase in seropositivity peaking at week 9. IgG antibodies were positive in 13/60 (21%) patient sera (one serum could not be analysed because of a smear). The IR started from week 2 and peaked at week 4, where 75% (3 of the 4 tested sera) reacted positively ( Figure 1 ). Similar to the IgM antibody trend, the IgG IR decreased in the following weeks. However, there was a second increase of IgG IR that peaked in week 8.
The development of the IR to an infection with B. burgdorferi (Bb) s.s. in EM patients from the United States was studied by Aguero-Rosenfeld and showed that 43% of the patients had positive IgM antibodies before therapy [3] . Due to the heterogeneity of borrelia strains in Europe, differences between IR on the two continents are expected [5] . Both the IgM and IgG IR showed an undulatory distribution with antibodies coming and going in untreated patients over weeks. A similar periodicity is known in other bacterial infections, like relapsing fever with recurrent bacteraemias [6] . Syphilis can be reactivated by different conditions like HIV infection, showing seroconversion of the unspecific VDRL [7] .
Course of Immune Response after Treatment.
With respect to the course of IR after therapy, 21 of 61 (34%) patients did not show IgM seroconversion (constantly negative), whereas 12 (20%) were constantly positive. In the remaining 28 patients, different kinds of IgM seroconversion occurred. Nine patients (15%) (Figure 2 , patients 1-9) seroconverted from positive to negative and 6 (11%) (Figure 2, 10-15) from negative to positive during the observation period. Seven seronegative patients (11%) (Figure 2 , patients 16-22) seroconverted to positive and than back to seronegative during the 12 months. Six patients (10%) (Figure 2 , patients 23-28) showed repeated seroconversions of IgM antibodies that presented as a switch of anti-23 kD to anti-39 kD antibodies and vice versa or the dis-or reappearance of either anti-23 kD or anti-39 kD antibodies. Thirty-eight of the 60 patients (63%) were constantly IgG negative and 3 patients (5%) constantly positive in IB. Nineteen patients seroconverted within the observation period. Their data are presented in Figure 3 . Six patients (10%) (patients 1-6) seroconverted from initially positive to negative and 2 (3%) (Figure 3, patients 7 and 8 ) from negative to positive. Seven patients (12%) (Figure 3 , patient 9-15) who were primarily negative seroconverted to positive and then back to seronegative during the observation period.
Four patients (7%) (Figure 3 , patients 16-19) showed repeated seroconversion with at least 2 changes. The seroconversion itself presented as a loss of detectable antibodies from a previous maximum of up to 5 bands (23, 37, 39, 41, 45, and 93 kD) to 1 band.
When observed closely, none of the patients with a repeated seroconversion had any features that could distinguish them from the other patients with either persistent antibodies or seronegative individuals. There was also no relation between IgM and IgG seroconversion. Clinically, no correlation to the duration of treatment or to the presence of extracutaneous signs could be drawn.
A recent survey on the development of the IR, measured by ELISA, in Austrian EM patients over a minimum of 1 year after treatment showed 3 distinct courses: persistent positive, persistent negative, and positive to negative patients [8] . In this study, there were also patients with a change from negative to positive antibodies (3% IgM, 4% IgG), but this was not attributed to the original EM as seroconversion occurred after a median of 350 (for IgM) and 349 days (for IgG) after EM. In our study, IB was found to be more sensitive than ELISA; therefore only IB results were analyzed and the IR could be studied in more detail.
In our patients, the appearance of IgM antibodies only detected after 6 months (patients 21 and 22) and IgG antibodies only at 3 months (patients 9 and 10) cannot be related to the previous infection. Moreover, an isolated IgM seroreaction has been observed to be unspecific [9, 10] . Isolated positive serum IgM titers were seen in about 20% of children with a febrile illness, enterovirus meningitis, or headache [9] . In another article 2,6% of sera submitted for B. burgdorferi serology expressed unspecific anti-p41 IgM antibodies by ELISA. Confirmation test with IB showed that some sera also reacted with p39 or OspC antigen. No conclusive evidence for borrelia infection could be drawn [10] .
The first appearance of antibodies after 6 and 12 months in our study (patients 14 and 15 for IgM, and 7 and 8 for IgG) might indicate a new infection in these patients.
Although the undulatory character of the IR before therapy in our patients could not be determined in every single patient, the findings after treatment might reflect a similar situation also in untreated patients before therapy. So, we suggest that a single serological finding is a snap shot and gives evidence of an infection. On the other hand, the true infection might be missed by negative IR, as might be the case in the ∼40% seronegative EM patients.
Serological findings do not distinguish between active and previous disease. Borrelia DNA can persist in urine for even 1 year after treatment [11] , and antibodies to Bb may persist for up to 20 years after appropriate therapy [12] . Bearing in mind the characteristics of cyclic patterns in other bacterial infections, the undulatory IR noted in our study may be an as yet insufficiently researched aspect in Lyme borreliosis.
